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31:e authoro preedit a series of contour# for estimating 
residual resistance coefficients of ships whose digplaccmeni- 
leagth ratios are above those considered in Taylor’s Staadard 
Serle®. These contours cover a range of diaplacment-leugth. 
ratios from 280 to 560 3 volimc-length ratios free 8 to 16, end 
longitudinal prismatic coefficients from *58 to *70* la addition, 
a curve is provided for estimating vstted surface coefficients of 
these ships. 

The data for this study wore tahea frees 44 ship model tests 
that here bsssn conducted at the David V. Taylor Model Basin over 
a period of years* These models in no my fora a systematic series 
Their hull forms are related only to tho extent provided by ovor- 
all coefficients such as the di splaosaent-length ratio, prismatic 
coefficient and beam-draft ratio. 

The residual resistance coefficient# for mch model wx« 
calculated from the original test data using the Sehoenherr 
friction fomulation* These coefficient® were used to doteraine 
average contours of voltsie-length coefficient on coordinates of 
prtaa&tic coefficient and residual resistance coefficient at 
various Frauds maber values. 

It should be emphasised that the resulting contour® represent 
an average of the data from tho 44 ship models studied. Ho parti- 
cular model conform® exactly to the contours. Tb further & tress 
this point, th® calculated model data are plotted vita tho con tours 

The contour# m determined in this study indicate «n optima 
with regard to residual resistance coefficient at a prismatic co- 
efficient of about *58. At this value of prismatic coefficient, 
the variation of residual resistance with prisactie coefficient 
la very slight. The contours also indicate that tho variation of 
residual resistance coefficient with volxzae-leagth ratio at the 
optimum prismatic value ie considerably less than at higher values 
of prismatic coefficient. 
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It is believed that the result® of the study vill be of 
value to designer® in selecting hull fom coefficients end tor 
estimating the resistance of r*ev designs, However* the ds.ta 
sm*t be used vith discretions bearing in nlnd that it la on. 
aver&ge of individual ships vhose variations of resistance vith 
detail# of da sign have not been completely evaluated. 

Si© feet that definite treads in the resistance character- 
istics. of the ships studied are evident indicates that it would 
bo highly desirable to conduct a standard scries type Investiga- 
tion la the region of high dispi&ctssmt-lsagih ratios. 
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SI spteesMsnteLength Ratio 


td«pl&«<*a*at in tone of gait 
water at 59'* F divided by ft* 
cube of one percent of the 
length in feet 


V©Xta®~Length Ratio 

T3X3T' 


Volume of displacement divided 
by the cube of ten percent of 
the length (nendteen sion nl ) 


Roeidasl Itesletence Coefficient 


Iteffiidual resistance divided by 
the product of one half, the m&os 
density of water, 'wotted eurface 
end velocity squared (nendiaon sienal) 


tengitudinal Prismatic Coefficient 

V 

Q S3» 


Volume of displacement divided by 
the product of the midship eeetlm 
area end the length (non dimensional) 


Beast-Dr&ft Ratio 
B 

T 


Hi® ratio of beea to draft 
(ncsadiaeasicnal ) 


Hlcct Coefficient 

S s ~EST 


Volume of dieplaeoBumt divided by 
the product of length-? bean, and 
draft (nondiR^nsica*!) 


Proud# dumber 

Vp: 


Velocity divided by the square root 
of the product of length and the 
acceleration of gravity {nondimcn&iosaal) 



Mafcted Surface OosiTiol«i,t 

°ct * Mr n 



Vetted surface divided by th& equare 
root of the product of vaim® of 
dlsplaesamt cad length 
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There is a great lack of published data on the reel stance 
characteristics of ships with high di ©placemen t-lcngth ratios. 

This study is presented in an effort to provide game guides in 
a relatively unmarked area of hull design. 

At present designers of ships with high displacement-length 
ratios rely primarily on thoir individual experience for the 
selection of suitable fora parameters for new designs* Estimates 
of the resistance characteristics of new designs must be made almost 
entirely by comparisons with the relatively few ships of this typo 
that fall within the designer’s experience, or from individual modal 
tests* The ©valuation of the merits of any design are difficult 
because of the lack of any standard of comparison, such as Taylor’s 
Standard Series provides at lower di ©placemen t-len gth ratios (below 250). 

The first step in filling this void of information cm high dis- 
placement-length ratio chip© was taken by the Japanese after World 
War II. In the in to rests of the Japsneso fishing industry, a standard 
series of model tests were conducted* The parent form for this series 
was a fishing vessel of the Tuna and Bonita Clipper type. The results 
of these experiments ware published in 1950 and have come to be known 
as the n Tek*gi Series* in this country. The prototype for this series, 
however, is a very special type of vessel and can hardly be considered 
as representing high displacement-length ratio chips In general. The 
application of these results is, therefore, somewhat limited. 
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iVen though there has been £ leek of systematic data on 
the ships with high di eplaceaent<-longth ratios, there has been 
an RCCUDiuXatioc. of -what might bo celled "scattered data** on this 
type of chip over the years. This data I® the result of individual 
model experiments conducted at the David Taylor Model Basin and at 
the baited States Experimental Model Basin over the part thirty years. 

It is the purpose of this study to assemble and systematise, as 
far as possible, the accumulation of "scattered data* on ships with 
high displacmeab-length ratios. 
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The models to be used in this study were selected primarily 
ca the basis that their di eplacem<mt-length ration were above 250 , 
la order to eliminate eny ships of pecuH&r fora and to have the 
fullness as indicated by the high dicplaoeacat-leaagth ratio, rep re- 
cent a general fullness rather than just a fullness of tmm, the 
selection was further restricted to no dels whose bssa-draft ratio 
values were between two end three. The examination of the lines of 
the selected ships confirmed the logic of this choice in that they 
vers all of genex-ally ehip-ahepe form. This selection yielded 44 
models. 

The original test data for each of the 44 models wore aseenhled 
and these data were used to calculate values of residual resistance 
coefficient at various Fraud© number©. The Schocnkerr friction 
formulation wee used throughout this work* The length of model need 
to compute Reynolds and Proud© numbers was taken, in each case as the 
actual water line length at the di«plac«aaont of ths tost, Uhls wit 
provided sufficient information for plotting residual real stance 
versus Fronde number curves for each model. 

¥h® residual resistance coefficient was selected as the basic 
resistance parameter. This choice was based on several factors* 

1, It is s. generally accepted parens ter in this country. 

2. Ships of the high displacement-length type are relatively 
short in comparison to their speeds and are, therefore, 
operating in ranges of Frou.de number where wav© making 
resistance is of primary importance. 
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3. The residue! resiet&noe coefficient offers a s&tief eatery 
spread of values to differentiate resistance characteristiest 
mo ag these models. 

4« It has a nondimea slcnal forts* 

Crouds number was selected etg the speed p area© ter because of 
its nondiis (visional fora . The parameters that were selected to define 
the hull fora were the volme~langth ratio sad the longitudinal pria- 
Emtio coefficient. Thaee par wasters were selected primarily bec&us® 
they gave the isost favorable orientation of the resistance data with 
respect to bull for*. Several other hull foita parameters were con- 
sidered, including lsngth-beaaa ratio, beam-draft ratio, vortical 
prl hop. tic coefficient, wterplaae coefficient, end Hiidishipseetion 
coefficient. Hone of these, however, provided a good orientation 
among the models, It is not pro muted that the selected paxmcetere 
are the best. Further study might produce parameters that would 
provide & better orientation of models. However, it is felt that 
the improvement on parameters representing hull form would involve 
such items as the position of the center of buoyancy, engl© of 
entrance of the load waterline, or on trance prismatic coefficient. 
These values could not be included in this study because they were* 
not available for most of the model®. 

Using the selected parameters, contours of constant displace*aent- 
length ratio wore faired on coordinates of primatic coefficient m& 
residual resistance coefficient at various Frond© numbers.. In fairing 
these contours the controlling factor was that they represent a good 
average of the amllabl© data. The averaging to arrive at these 
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contours was accomplished by eye, Th»*« contours were Uim 
era #*-f sire# against eonstent prismatic coefficient, find constant 
residual resistance coefficient* 

In addition a netted surface coefficient was calculated for 
each model based on tie square root of the volume-1 ength product. 
This coefficient vtus plotted against midship section coefficient, 
to average curve was drawn through these points, Ihis curve can 
be used to estimate the wetted (surface coefficients of eiuiler 
vessels. 
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ht Contours of v©lu»e-'l«agth ratio on ooortJln&ta* of longitudinal 
piieaaatlc coefficient versus residual resietsao* coefficient 
at various Froude ambers* 

B» Curv© of average vetted surface coefficient versus nidsbip 
section coefficient o 
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It must bo emphasised that the contours re molting frea this 
study repr®«ent an average of the data frn the 44 ship models* 

Ko particular model vill have the exact resistance characteristic® 
predicted by the contours. While individual ship resistance 
curve® tend to have humps end hollows in the*, the averaging pro- 
cess used in determining the contours tended to eliminate these 
fluctuations, although they produced what is believed to be the 
initial portion of a hump at Fronde umbers near .30* 

In order to eaphanlze the scattering of data, end to allow 
for & reexamination of the contours, the actual data, has been 
plotted with the contours. 

The study that was involved in ths selection of the hull 
form parwacters to best represent the effect of fora variation 
on the residual resistance coefficient, indicated that non* of 
the overall fom coefficients wa,® entirely satisfactory* Various 
combine. tions of these parameters wore tried without finding any 
better correlation* This fact fostered the belief that the 
details of design, such as the arrangement of iteeg,. rudders, and 
stem had considerable influence on ths resistance* In addition, 
it 1® felt that better correlation might have been attained if it 
had been possible to include such items as the longitudinal posi- 
tion of the center of buoyancy, the angle of water line entrance, 
and the ©a trance prismatic coefficient in th® parameters defining 
the hull fora* 
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the authors compered the determined contour® with & similar 
contour derived frm Taylor* e Standard Series &t a voluKe-length 
ratio of 7.0s, In general, there wag good agreement 'both in shape 
and ssasaituds , At high Frond® ntsabers , however, in the vicinity 
of *30 1 the Taylor contour tended to rise sore sharply to higher 
values* This indicates that the Taylor contours provide a sore 
pronounced fcmp in the resistance curve at Fraude ambers in the 
vicinity of «30* The higher residual resistance coefficient 
values, as indicated by tha Taylor contours, was not boraa out by 
the nodal evidence. 

A similar comparison wag made between the derived contours 
and contours taken from the B Takagi a series* In this ease, the 
derived contours showed e much wider variation of the residual 
resistance coefficient with volume-length ratio at all Fronde 
numbers and pri matte coefficients* The best agreement occurred 
at the low Fronde numbers* At the lowest prismatic coefficients 
(.58) , the T&teagi values were slightly higher than the determined 
contours for all voltes e-length, ratio values. At the higher pris- 
matic coefficients the Takagi values for high volisse— length ratios 
were considerably lower, and for low volume-length ratios were 
sli^itly higher than the determined contours throughout the range 
of Froude number values. 

The crossover are a where the derived contour® and the Takagi 
contours ere in good agreement ware as follows* 
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It is felt that the determined contours better represent the 
average of the models studied than does the Takagi seriec data# 

This la no doubt due to the specific type of chip that foxaed 
the prototype of the fafeagl series. 

A third comparison vac aade, This occaparison is bet mm 
the orf-ginslly calculated residue! resistance ©ooffleie&t curves 
for each model end & similar curve taken f!ma the derived contours* 
Those curves vill be found in the Appendix of this thesis. She 
results of this coctp prison were se follows 

Twenty-four of the predictions agreed quits veil vitb the 
original curves. Of these 24, 14 could bo classed as completely 
reliable predictions, Slve vere predicted too high and five were 
predicted too low. Of the remaining model Sj, nine ver® predicted 
considerably higher and two considerably lover than the original 
data indie a ted a Kins other models had hull form parameters that 
did not fall vithin the rewge for vhich the contours were drava* 
although they wre used to aid in determining the contours. 

It has boen proposed in *«ay quarters that a standard series 
te run in this country to obtain data on the resistance character- 
istics of Chips in the higher ranges of displaccamt-leagth ratio. 
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This study In dice t# a that the choice of & prototype for such ti 
series Slight be difficult. The type of ship to be represented 
seers s to have considerable bearing on the pro him. For exmplo, 
this study indicates a tendency for tugboat types to show scae- 
wb&t lower resistance in general then the average contour®, 
whereas other types such as merchant ship forms ere generally 
more c on *1® tent with the derived contours. These tendencies are 
no doubt duo to details of design not represented by the selected 
fora parcaeterg. To gat one prototype which would yield data eo»~ 
el# tent with all types seeaa ra ther ta&li. ely. 

The optiam value of priaaatic coefficient with respect to 
minimising the residual resistance coefficient is indicated at 
about a prismatic coefficient of .58. la this vicinity at all 
Froudo ambers, the variation of residual reels ten ce with pris- 
ma tic coefficient is rather email. In addition, the contours 
in the vicinity of the optimum prismatic coefficient indicate 
a loss pronounced variation of the residual resistance coefficient 
with changes in voIme-Xsngth ratio than at higher prime. tic co- 
efficients. This location for the optimum prismatic coefficient 
agrees veil with what might bo predicted from Taylor 5 p standard 
Sorter:. 

It is believed that this study can b© of v&lu® and assistance 
to Kavr.1 lx chitocts in selecting hull form parameter© and in pre- 
dicting the resistance characteristics of new deaigne in the high 
diEpl&cmenVleagth ratio range. In addition, it can fom a basis 
of comparison sad reference. It Is hoped that the presentation is 
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such that additions! information, sad data can bo added as nev 
designs are tosted, thus providing evidence for either verifying 
or modifying the presented contours. 
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X. Average resistance characteristics of ships uith displacmeat- 
length ratios above 2iX) and vbose bom-draft ratios lie betweaa 
2 and 3 can be predicted by the contours presented. 

2. The optimum value of longitudinal pri emetic coefficient based 
on minima residual resistance coefficient is about .53, 

3. At the optima value of longitudinal pr isaatic coefficient# the 
variation of residual resistance coefficient vith displaceraent- 
length ratio ie small. 

4* The variation of residual resistance coefficient vith displace- 
ment-length ratio increases vith incress© of longitudinal pris- 
matic coefficient above the optima*. 

5. The parameters used to define the model hull forms are not tins 
only ones influencing the residual resistance characteristics 
of tha ships. Therefore s any particular model nay have resis- 
tance characteristics greatly different frcm those predicted 
by there curves solely from the fact that m important tom 
parameter ia not included in the identification of the vessel. 

6. It ie felt that the angle of entrance of the load wterllne* 
end the longitudinal position of tha center of buoyancy are 
th© moot significant parameters that vero not available for 
this study. 

7. It is possible -to systematize “scattered data w on the resistance 
chcr set eristics of ships. The results# vfcil® not as conclusive 
as could be derived from a standard series of model tests# do 
provide generalized trends vhich are of value. 
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1. It is recocaaonded that a standard series type investigation 
bo carried out for ahips of high displacmmt^lmgth ratios using 
the data that has been presented here to aid in the selection of 

a prototype vessel or parent form* 

2. It is recocsceadod that the data a* presented here be used 
as a starting point for further eorr©letion and for comparison 
with new designs as they are tested* IP a large extent* th# value 
of this study lies in its use for further comparisons* correlations 
and additions to th© systematised collection of data with a view 
toward improving the contours pr© canted* 

3. Ihe contours as presented should be used with discretion in 
predicting the residual resistance characteristics of new designs* 
bearing in mind th® deviation of individual models from th© average 
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Atroondix (A.) 



The index of the models whose resistance data vs* used in 
this stud/ ie included, believing that it will be of value in 
any further analysis of the presented contours. It contain© 
noet of the hull fora parameters that night be of use ‘together 
with a brief description of the type of vessel and the Taylor 
Model Basin node! number crenelated with the model. 

Appendix (33) is a eeuple calculation sheet for calculating 
the residual resistance coefficients, Freud® number®, © and © 
values. This fora was taken fro® the publication listed in the 
Bibliography a® i tea [6] end Taylor Modelr-Bssin calculation fora 

Numbe r 71. 

Appendix (E) contains the original model test data from 
which th© residual resistance coefficient, Fronde numbers, © 
end © values were calculated, together with the residual re- 
sistance coefficient curve, both eg calculated from the original 
nodel test date, end as determined from the contour® for each model. 
Curves of © versus © are also inducted for each model, believing 
that they may bo of value In judging the merits of particular ships. 

Appendix (F) ie the Bibliography of th© thesis. 
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Length •— feet 

Baaa feet 

Draft —*• feet 

&splaexR«it -pounds or tons 

Volume of displacement -cubic feet 

Wetted Surface - square feet 

Mass density of vater - pound s&c*/ feet 4, 

Siiicsa&tic Viscosity - ft*/ sea 
Velocity ~~ feet per second 
Velocity — * knots 

Reynold® number Ih/tJ (nondiaenaional) 

Fronde su&ber (nondimensional) 

Total Resistance — « pounds 
Frictional Resistance — * pounds 
Residual Resistance — • pounds 

Total Resistance Coefficient (nondimensional.) 

Frictional Resistance Coefficient £V* (nondiaen sicnsl) 

Rssidual Resistance Coefficient (nondimeneionsX) 
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400 foot ship ** 



Total Effective Horsspovar — horsepower 

y/(»H()^ Toltaie length retie (nondinwasionisl) 

4/(1/100)^ Bispleeesseatr-leagth ratio Tons (saltwater 59®F)/ft® 

0 Longitudinal prifamtlc coefficient t^lidsfcip {section area » L 
* (nondiaen g-iorv&X } 

f 0 Block Coefficient V/fcjR 

C x Midship Section Coefficient 

BH (nrndism atonal } 




Vertical Prlsaatic Coefficient ^/W&.i&rplm® Area X H 
Wnterplsn© Coefficient 

L x B 




Wetted Surface Coefficient 
Prise refers to 400 foot ship 
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Appendix (0) 



Index of Models 
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i ndex of models 
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Appendix (£) 



Curves of Residual Resistance Coefficient vs. 
Proud® Umbers, both Calculated end as Predicted 
from the Contours, Curves of (c) vs, (f). 
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